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(57) ABSTRACT 

A ballast for driving a gas discharge lamp comprising a 
recti?er stage having an alternating current (AC) input and 
providing a recti?ed output voltage, a boost converter stage 
receiving the recti?ed output voltage as an input and pro 
viding a boosted direct current (DC) output voltage across a 
DC bus, an inverter output stage for converting the DC bus 
voltage to a high-frequency AC output voltage to drive the 
lamp, further comprising a control stage receiving a desired 
light level signal controlling the desired light level of the 
lamp and providing an output control signal for turning the 
boost converter stage on or oiT in dependency on the desired 
light level signal. The ballast thereby has reduced poWer 
consumption at loW light levels for greater energy ef?ciency. 
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LIGHTING BALLAST HAVING BOOST 
CONVERTER WITH ON/OFF CONTROL AND 

METHOD OF BALLAST OPERATION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a lighting ballast, 
in particular, to an electronic dimming ballast having a front 
end having an input coupled to an alternating current (AC) 
supply and having an output supplying a direct current (DC) 
bus that feeds a back end poWering a lighting load, for 
example, a gas discharge lamp load such as a ?uorescent 
lamp or other lamp load. 

[0002] There is an increasing need to maximize the effi 
ciency of electronic ballasts. In particular, in electronic 
dimming ballasts, the total energy consumed is the combi 
nation of the energy consumed by the electronic circuitry of 
the ballast and the energy consumed by the lighting load. In 
particular, as the lighting load is dimmed to loWer levels, the 
energy consumed by the circuitry of the ballast comprises a 
greater proportion of the total energy consumed. The pro 
portion of energy consumed by the ballast is typically 
greatest at the loWest dimming level. It is desirable, there 
fore, to reduce the amount of energy consumed by the 
ballast, particularly at loW lighting levels. 
[0003] As an example, a customer speci?cation may call 
for a high-end input poWer usage of 35 Watts, for example, 
at full lamp intensity. This may correspond, for example, to 
approximately 28 Watts dissipated in the lamp load and 7 
Watts in the ballast. 

[0004] At the loW dimming level, corresponding to say, for 
example, a 10% dimming level, the input poWer to the 
ballast may be speci?ed at approximately 10.5 Watts or 
approximately 30% of the high end input poWer. Typical 
prior art electronic ballasts may consume approximately 5 
Watts of input poWer at the loW end dimming level in the 
ballast. At the high end, the ballast may consume approxi 
mately 7 Watts, or about 1/5 of the input poWer. At the loW 
end, the ballast consumption of about 5 Watts is about half 
of the input to the ballast. It is desirable to reduce the amount 
of poWer consumed by the ballast, particularly at the loW end 
dimming level When the ballast consumes a greater propor 
tion of the available input energy. 

[0005] Some electronic dimming ballasts have an active 
front end for the purpose of reducing total harmonic distor 
tion (THD) in the input line current and raising the poWer 
factor. Boost converters using sWitching transistors are often 
used for this purpose. HoWever, the sWitching transistor 
typically has sWitching losses associated With its operation. 
These losses tend to be constant across the dimming range 
of the ballast. These sWitching losses are a fairly insigni? 
cant proportion of the total poWer consumed by the ballast 
and the load When the load is at high end. This is typically 
vieWed as being acceptable in light of the advantages in 
improved THD and poWer factor. HoWever, at loW end, the 
improvements in THD and poWer factor are not as important 
because the line current draWn by the ballast and the load is 
much loWer. Accordingly, the sWitching losses in the boost 
converter comprise a greater proportion of the poWer con 
sumed by the ballast and the load, Without the attendant 
improvements in THD and poWer factor. 

SUMMARY OF THE INVENTION 

[0006] According to the invention, a ballast for a lighting 
load is provided having a boost converter for converting a 
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recti?ed AC input voltage into a DC bus voltage. The DC 
bus voltage is provided to an inverter output stage for 
driving the lighting load. According to the invention, in 
order to save energy, particularly When the lighting load is 
dimmed beloW a speci?ed dimming level, the boost con 
verter is turned off, thereby dissipating less poWer. When the 
boost converter is turned off, the DC bus voltage drops to 
essentially the peak value of the recti?ed AC input voltage. 
Because the lighting load has been dimmed, the higher bus 
voltage required at higher light levels is not necessary. By 
turning the boost converter off, in the example given of the 
ballast consuming approximately 5 Watts of poWer at the loW 
end dimming level, approximately 1.5 Watts of poWer is 
saved due to eliminating sWitching losses in the boost 
converter. Accordingly, about 25% of the loss in the ballast 
at loW end lighting levels has been eliminated by the 
invention. 

[0007] According to one aspect, the invention comprises 
an electronic dimming ballast for driving a gas discharge 
lamp comprising an input stage receiving an alternating 
current input having a peak voltage level and providing a 
direct current voltage output having a boosted voltage level 
that is greater than the peak voltage level of the alternating 
current input, an output stage for converting the direct 
current voltage output into a high-frequency AC voltage for 
driving the lighting load, further Wherein the input stage has 
a control input for reducing the direct current voltage output 
from the boosted voltage level to a reduced voltage level; 
further comprising a control stage responsive to a desired 
light level input for the lighting load and having an output 
coupled to the control input of the input stage for reducing 
the boosted voltage level to the reduced voltage level When 
the desired light level input drops to a ?rst speci?ed desired 
light level. 

[0008] According to another aspect of the invention, a 
ballast for supplying a lighting load is provided comprising 
a poWer supply for a lighting load comprising a recti?er 
stage having an alternating current input and providing a 
recti?ed output voltage, a boost converter stage receiving 
the recti?ed output voltage as an input and providing a 
boosted direct current output voltage across a DC bus, an 
inverter output stage for converting the DC bus voltage to a 
high-frequency AC voltage to drive the lighting load, further 
comprising a control stage receiving a desired light level 
input controlling the desired light level of the lighting load 
and providing an output control signal for turning the boost 
converter stage on or off in dependency on the desired light 
level input. 

[0009] According to another aspect, the invention com 
prises a method for reducing the poWer consumption of an 
electronic dimming ballast for a lighting load comprising 
receiving an alternating current input having a peak voltage 
level and providing a direct current voltage output having a 
boosted voltage level that is greater than the peak voltage 
level of the alternating current input, converting the direct 
current voltage output into a high-frequency AC voltage for 
driving the lighting load in an output stage, receiving a 
desired light level input corresponding to a desired light 
level of the lighting load and dimming the lighting load 
based on the desired light level, and reducing the boosted 
voltage level to a reduced voltage level When the desired 
light level input drops to a ?rst speci?ed desired light level. 
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[0010] Other objects features and advantages of the inven 
tion will become apparent from the following detailed 
description of the invention, which refers to the accompa 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

[0011] The invention will now be described in greater 
detail in the following detailed description with reference to 
the drawings in which: 

[0012] FIG. 1 is a block diagram of a ballast according to 
the present invention; 

[0013] FIG. 2A is a simpli?ed schematic diagram of the 
front end and bus capacitor of the ballast of FIG. 1; 

[0014] FIG. 2B is a simpli?ed schematic diagram of the 
control circuit and dimming control portions of the ballast of 
FIG. 1; 

[0015] FIG. 3A is a graph showing how the On/Olf status 
of the boost converter is controlled in dependence on light 
level; 
[0016] FIG. 3B is a graph depicting power consumption 
of the ballast and the load versus light level; 

[0017] FIG. 3C illustrates the DC bus voltage as a func 
tion of the boost control current which controls whether the 
boost converter is on or off; 

[0018] FIGS. 3D(a), (b), (c) and (d) show graphs illustrat 
ing the DC bus voltage (FIG. 3D(a)) as a function of time 
and the boost converter On/Olf status (FIG. 3D(b)) and also 
showing in FIG. 3B(c) and FIG. 3D(d) the effects upon the 
light level due to the changes in the DC bus voltage in FIG. 
3D(a); and 

[0019] FIG. 4 is a ?owchart of a ?rst embodiment of the 
control of the boost converter of FIG. 2A by the control 
circuit of FIG. 2B. 

[0020] FIG. 5 is a ?owchart of a second embodiment of 
the control of the boost converter of FIG. 2A by the control 
circuit of FIG. 2B. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] With reference now to the drawings, FIG. 1 shows 
a block diagram of the dimming ballast according to the 
present invention. The ballast has a front end circuit 10 and 
a back end circuit 50. The back end circuit, including an 
inverter circuit and an output stage, drives a lamp or lamps 
60, for example, ?uorescent lamps, high-energy discharge 
lamps, or other suitable lighting loads. 

[0022] The front end circuit 10 receives an input from an 
AC supply, for example 277 volts RMS at 60 HZ. However, 
any suitable AC input voltage and line frequency can be 
supplied to power the ballast. The AC input is provided to an 
RF ?lter and recti?er stage 12, for example, an EMI ?lter 
stage and a full-wave recti?er, as well known to those of 
skill in the art. The output of the RF ?lter and recti?er stage 
12 is fed to a boost converter stage 14 that is controlled by 
a control circuit 15, including a microprocessor 16 and a 
switchable current source 17. The microprocessor 16 
receives an input from a dimming control 18 which might 
comprise, for example, a variable DC voltage that corre 

Jun. 15, 2006 

sponds linearly to lamp light level. Any other suitable 
dimming control can be used. The output of the dimming 
control 18 is also fed to the back end 50 to control the light 
level of the lamp 60. 

[0023] The output of the boost converter 14 is provided to 
a DC bus 20 having a bus capacitor 22 provided thereacross. 
If the input AC voltage is 277 volts RMS, the boost 
converter stage can provide, for example, a boosted voltage 
of 465 volts DC across the DC bus 20. 

[0024] The DC bus voltage is fed to the back end 50, 
which comprises an inverter and an output stage, typically 
including a resonant tank circuit, as well known to those of 
skill in the art. The back end 50 provides a high-frequency 
AC voltage to the lamp load 60. The output of the dimming 
control 18 is used to control the magnitude of the high 
frequency AC voltage provided to the lamp load 60, thereby 
controlling the light level. 

[0025] An example of a typical inverter is shown, for 
example, in US. Pat. No. 6,452,344, the entire disclosure of 
which is incorporated by reference herein. In US. Pat. No. 
6,452,344, a phase-cut dimmer is employed to provide a 
dimming level. The output of the phase-cut dimmer is 
converted by a phase-to-DC converter stage to a DC control 
level which controls the dimming level of the lamps coupled 
to the inverter/output stage. However, the basic inverter/ 
output stage which comprises two switching transistors in a 
half-bridge con?guration supplying the lamp load is sub 
stantially the same as the back end stage 50 of the present 
invention. In particular, the half-bridge transistors are driven 
by a driver integrated circuit (IC), for example an IR2lll 
driver IC, as shown in FIG. 5 of US. Pat. No. 6,452,344. 
This driver IC responds to a duty cycle control input 
comprising a variable DC voltage to set the light dimming 
level. The same IC may be used in the circuit of the present 
invention in the inverter/output stage 50. 

[0026] Turning now to FIG. 2A, the boost converter stage 
14 of FIG. 1 is shown in more detail. The output of the RF 
?lter and recti?er 12 is supplied to an inductor L1, which is 
coupled in series with a boost diode D1 whose cathode is 
coupled to the bus capacitor 22. The drain of a power 
switching transistor O1 is coupled to the junction of the 
inductor L1 and the anode of diode D1, and the source of 
transistor O1 is coupled to circuit common through a current 
sense resistor R4. 

[0027] Transistor O1 is controlled by a control IC U1. The 
purpose of control IC U1 is to control the high-frequency 
switching of transistor O1 to provide the desired output 
voltage across the bus capacitor 22. Transistor O1 is also 
controlled by the control IC U1 in order to achieve power 
factor correction (PFC) so that the AC input current to the 
ballast closely follows, that is, is closely in phase with, the 
AC input voltage. Typically, it is desirable to achieve power 
factors of greater than 0.95, for example, in order to obtain 
maximum e?iciency. An additional function of the control 
IC U1 is to minimiZe total harmonic distortion (THD) by 
maintaining the input current wave shape as sinusoidal as 
possible. This is bene?cial in reducing electromagnetic 
interference (EMI). 

[0028] As well known to those of skill in the art, PFC 
controllers like integrated circuit 34 typically accomplish 
this function by sensing a number of inputs including: the 
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recti?ed line input voltage as provided at input MULTIN by 
voltage divider resistors R1 and R2, the current through 
transistor Q1 as determined at input ISENSE based on the 
voltage across resistor R4, the DC bus voltage at VSENSE as 
determined by divider resistors R5 and R6, and the Zero 
crossings of the current through inductor L1 utilizing input 
DETIN, Which is coupled to an auxiliary Winding 30 of the 
inductor through resistor R3. In this Way, the transistor Q1 
is sWitched to achieve the desired output voltage and main 
tain the desired AC input current Wave shape and poWer 
factor. Although there are different schemes to sWitch tran 
sistor Q1, in a common scheme called critical conduction 
mode (CCM), the transistor Q1 is switched off When the 
inductor current, as measured through resistor R4, corre 
sponds to the line voltage (thereby maintaining a sinusoidal 
envelope) and transistor Q1 is sWitched back on When the 
current through inductor L1, as measured at the auxiliary 
Winding 30, is Zero, thereby forcing the input current Wave 
shape, to be in phase With the input voltage Wave shape and 
be substantially sinusoidal. 

[0029] The desired bus voltage level is achieved by con 
trol IC U1 monitoring the feedback voltage at the output 36 
of the voltage divider comprising resistors R5 and R6. The 
feedback voltage is proportional to the DC bus voltage and 
is provided to the VSENSE input of control IC U1. The 
operation of poWer factor correction controllers, such as 
control IC U1, is Well knoWn to those of skill in the art. An 
example of a suitable poWer factor controller integrated 
circuit is the TDA 4862 manufactured by In?neon Tech 
nologies. 

[0030] The basic operation of the boost converter topology 
is Well knoWn to those of skill in the art. When transistor Q1 
is on, inductor L1 charges up to the maximum alloWable 
inductor current (depending on hoW long transistor Q1 is 
on). When Q1 turns off, the inductor current ?oWs through 
diode D1 to charge the bus capacitor 22. Since a back emf 
(electro motive force) is generated across the inductor 
proportional to the change in current, the voltage developed 
across the capacitor 22 is boosted above the peak output 
voltage of the RF ?lter and recti?er stage 12 by the induced 
voltage across the inductor. In this example, the peak 
recti?ed voltage is about 391V DC and the boosted voltage 
across the DC bus is about 465V DC. 

[0031] According to the invention, the boost converter 14 
shoWn in FIG. 2A is turned on and off as desired to improve 
ef?ciency. In particular, beloW a speci?ed dimming level, the 
boost converter 14 is turned off to save energy. When the 
boost converter 14 is turned on, control IC U1 is actively 
sWitching transistor Q1 to produce the boosted DC bus 
voltage across the bus capacitor 22. Alternatively, When the 
boost converter is turned off, control IC U1 causes transistor 
Q1 to stop sWitching, such that the DC bus voltage drops to 
approximately the peak voltage at the output of the RF ?lter 
and recti?er stage 12, less the diode drop in boost diode D1. 
The control of the boost converter 14, from the on state to 
the off state, is obtained, according to the embodiment 
shoWn, by providing a control input 38 to the output 36 of 
the voltage divider comprising resistors R5 and R6. 

[0032] In particular, the circuit to produce control input 38 
is shoWn in FIG. 2B. Other methods can be used. The 
dimming control 18, Which might comprise, for example, a 
variable DC voltage or a digital control signal, is provided 
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to microprocessor U2. As the dimming level is reduced by 
dimming control 18, microprocessor U2 determines that the 
dimming level has reached a speci?ed dimming level and 
issues a command at output 16 to turn the boost converter 14 
off. As dimming control 18 increases the dimming level, the 
microprocessor U2 similarly determines that the dimming 
level has reached a different speci?ed dimming level and the 
boost converter 14 is turned on. 

[0033] FIG. 2B shoWs a schematic representation of con 
trol circuit 15 including microprocessor U2 and current 
source 17. The current source 17 includes a PNP transistor 

Q2, resistors R7, R8, and capacitor C3. If it is desired that 
the boost converter 14 be turned on, the output 16 of 
microprocessor U2 comprises a high logic level, Which 
maintains PNP transistor Q2 non-conductive. With transistor 
Q2 non-conductive, the voltage divider comprising resistors 
R5 and R6 is not affected. When transistor Q2 is off, 
substantially no current is supplied to the voltage divider 
comprising resistors R5 and R6 and control IC U1 functions 
in its normal fashion to control the high-frequency sWitching 
operation of transistor Q1 to provide the required DC output 
voltage, poWer factor correction, and THD improvement. 

[0034] When it is desired to turn the boost converter 14 off 
to save energy, such as at the speci?ed dimming level (for 
example, 10%), microprocessor U2 provides a loW logic 
level voltage on output 16. At this time, capacitor C3 begins 
to charge through resistor R8. When the voltage across 
capacitor C3 exceeds the base-emitter turn-on voltage of 
transistor Q2 (approximately 0.7V), transistor Q2 begins to 
conduct. The current into the emitter of transistor Q2 is set 
by the voltage across resistor R7, Which is essentially the 
voltage across capacitor C3 minus the base-emitter voltage 
of transistor Q2. The collector current out of transistor Q2 is 
simply the emitter current less the base current (determined 
by the gain of transistor Q2). This collector current is 
provided to the boost control input 38, and thus, the output 
36 of the voltage divider comprising resistors R5 and R6. 
Since the supplied current from the current source 17 Will 
?oW through resistor R6 to circuit common, the voltage at 
the output 36 of the voltage divider, and thus, the VSENSE 
input of control IC U1, Will rise. As the voltage at the 
VSENSE input rises, control IC U1 compensates by controlling 
the boost converter sWitch Q1 to loWer the DC bus voltage 
out of the boost converter 14. Eventually, control IC U1 Will 
cause the boost converter sWitch Q1 to stop sWitching, thus 
turning off the boost converter 14. 

[0035] FIGS. 3a, 3b and 30 show hoW the boost converter 
is controlled. As shoWn in FIG. 3A, When a light level beloW 
a ?rst predetermined level of approximately 10% is reached, 
the boost converter is turned off. As also shoWn in FIG. 3A, 
it is desirable, although not required, to provide hysteresis in 
the control of the boost converter. Accordingly, the boost 
converter might be turned on When the light level is 
increased to a second predetermined level, in this example, 
about 20%. Hysteresis is desirable in order to prevent the 
situation that might occur if the dimming level is exactly at 
the level at Which sWitching occurs. Without the hysteresis, 
the control circuit could sWitch the boost converter repeat 
edly betWeen the on and off status if the dimming level Were 
set precisely at the level at Which sWitching occurs. 

[0036] The illustrated control circuit utiliZes a micropro 
cessor U2. HoWever, it should be appreciated that a micro 
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processor is not required and that a simple analog or digital 
circuit could be provided to implement the control function. 

[0037] FIG. 3B shoWs the effect on input poWer to the 
ballast by controlling the on/olf status of the boost converter. 
As shoWn in FIG. 3B, When the boost converter is turned off 
betWeen the illustrated 10% and 20% dimming levels, the 
input poWer requirements to the ballast during loW level 
dimming operation is reduced by approximately 1.5 Watts. 

[0038] FIG. 3C shoWs the DC bus voltage versus the 
boost control input current from the current source 17. When 
the boost converter is on and the boost control current from 
transistor Q2 is at Zero, the DC bus voltage is about 465 volts 
in the illustrated embodiment for a 277 volt AC RMS input 
voltage. When the boost converter is turned off and transis 
tor Q2 begins to supply current to the voltage divider 
comprising resistors R5 and R6, the bus voltage drops to a 
voltage near the peak voltage at the output of the RF-?lter 
and recti?er 12, Which is approximately 391 volts for a 277 
volt RMS AC input. As the boost control input current 
increases, the DC bus voltage decreases doWn to, and then 
levels off at, the peak voltage level of about 391 volts. The 
DC bus voltage does not drop beloW the peak voltage level 
of 391 volts for boost control input current increases beyond 
this point because the control IC U1 simply maintains 
transistor Q1 in an off state. The output voltage remains at 
approximately the peak voltage level of the recti?er output 
as smoothed by the bus capacitor 22. 

[0039] Returning to FIG. 2B, resistor R8 and capacitor C3 
perform a desirable function in the boost control circuit 15 
according to the invention. Without the time constant pro 
vided by resistor R8 and capacitor C3, the boost converter 
Would be turned on and off quickly as shoWn by the solid 
lines in FIG. 3D(a). When the boost converter is turned on 
rapidly, the DC bus voltage Will exhibit ringing as illustrated 
by R in FIG. 3D(a). This ringing in the DC bus voltage is 
manifested as a ?uctuation in the light level output of the 
lamp as shoWn in FIG. 3D(c). FIG. 3D(b) shoWs the boost 
control output of the microprocessor U2 on output 16. 
Without the time constant provided by resistor R8 and 
capacitor C3, the light level Would shoW a noticeable 
perturbation as shoWn in FIG. 3D(c) When the boost con 
verter is sWitched on and off. This is due to the fact that the 
time constant of the boost control circuit (Without an appro 
priately siZed time constant provided by resistor R8 and 
capacitor C3) is less than the time constant of the back end 
circuit 50. Time constant means the time required for an 
output of a ?rst-order system, forced by a step or an impulse, 
to rise or decay to 63.2% its ?nal or steady state value. For 
the back end, the time constant is the time required for the 
control circuit of the back end to return the lamp current to 
63.2% of its steady state value in response to a step 
perturbation in the lamp current. For the boost converter, the 
time constant is the time required for the current source 17 
to reach 63.2% of its steady state current in response to a 
step change in the input from the microprocessor U2. 

[0040] In order to avoid the perturbation in the light level 
caused When the boost converter is turned on and off, the 
time constant of the boost converter control circuit 15 should 
be signi?cantly greater than the time constant of the back 
end circuit 50. Resistor R8 and capacitor C3 achieve this 
effect. Accordingly, When the boost converter circuit 14 is 
turned off and turned on, it is turned off and turned on sloWly 
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due to the time delay provided by the RC time constant of 
resistor R8 and capacitor C3. In other Words, it is desirable 
to have the DC bus voltage change sloWly enough such that 
the back end 50 maintains the lamp current, and thus the 
light level, substantially constant as the boost converter 14 
turns off and turns on. This is indicated by the gradual turn 
off and turn on shoWn by the dashed lines of FIG. 3D(a). 
This causes the light level to be smoothed out as shoWn in 
FIG. 3D(d). 
[0041] As an alternative to the embodiment shoWn herein, 
one may also achieve the desired result by making the DC 
bus sloW to respond to changes in bus voltage by increasing 
the siZe of the bus capacitor 22. For example, in the 
preferred embodiment, the DC bus has an inherent time 
constant of about 0.2 second, or about tWice that of the back 
end. The inherent response time of the bus is sloWed doWn 
by the boost converter control circuit. HoWever, the bus 
capacitor could be increased until the DC bus has a suitably 
large time constant, preferably at least ten times that of the 
back end. One disadvantage of this alternative embodiment 
is that the necessarily large bus capacitance required 
becomes undesirably large and expensive. 

[0042] In an exemplary embodiment, the time constant of 
the back end circuit is approximately 0.1 second and it is 
desirable, in order to avoid perceptible perturbations in the 
light level, to have the time constant of the boost control 
circuit be approximately one order of magnitude greater, and 
in particular, about 6 seconds. This is illustrated by provid 
ing R8 having a resistance of 220 kQ and C3 having a 
capacitance of 30 HF. This provides a time constant of 
approximately 60 times the time constant of the back end 
circuit. 

[0043] FIG. 4 is a How chart of the program implemented 
in the microprocessor U2 in order to control the on/olf status 
of the boost converter in relation to the desired light level of 
the lighting load. As shoWn, When the desired light level is 
reduced to about 10%, the boost converter is turned off, and 
When the desired light level is increased to about 20%, the 
boost converter is turned back on. Atime delay may also be 
implemented so that the sWitching only occurs after the 
desired light level has remained at the level for a certain 
delay time. 

[0044] Refering to FIG. 4, the process de?ning the control 
of the boost converter begins at step 402. At step 404, a feW 
variables that Will be used in the process are initialiZed. 
LOW_LIMIT, Which represents the desired light level at 
Which the boost converter Will be turned off, is set at 10%. 
HIGH_LIMIT, Which represents the desired light level at 
Which the boost converter Will be turned on, is set at 20%. 
BOOST_LIMIT is set to the value of LOW_LIMIT, i.e. 
10%, Which assumes that the boost converter is on at the 
beginning of the process. The desired light level is retrieved 
at step 406. If this desired light level is less than BOOST 
_LIMIT at step 408, the boost converter is turned off at step 
410 and the BOOST_LIMIT variable is noW set to 
HIGH_LIMIT at step 412. HoWever, if the desired light 
level retrieved at step 406 is greater than BOOST_LIMIT at 
step 408, the boost converter is turned on at step 414 and the 
BOOST_LIMIT variable is set to LOW_LIMIT at step 416. 
The process continues to loop turning on and off the boost 
converter and alternating the value of BOOST_LIMIT 
betWeen LOW_LIMIT and HIGH_LIMIT. In this Way, the 
hysteresis shoWn in FIG. 3A is implemented. 
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[0045] In an alternative embodiment shown in FIG. 5, it 
may be desired to introduce a time delay prior to turning the 
boost converter off. For example, one may desire to imple 
ment a delay of tWo to ?ve seconds before turning off the 
boost converter, so as to further avoid unnecessary cycling 
of the boost converter. 

[0046] With reference to FIG. 5, the process for control of 
the boost converter including a time delay begins at step 
502. Once again, the variables LOW_LIMIT, HIGH_LIMIT, 
and BOOST_LIMIT are initialiZed at step 504. At step 506, 
a timer counter is set to Zero and the MAX_TIME variable 
is set to 2 seconds. The timer is started at step 508. At step 
510, the desired dimming level is retrieved. If this desired 
light level is less than the BOOST_LIMIT variable at step 
512, the process moves to step 514, Where a determination 
is made on Whether the timer value is greater than the 
MAX_TIME variable. If not, the process moves back to step 
510. If the timer value is greater than the MAX_TIME 
variable at step 514, then the boost converter is turned off at 
step 516, the timer is reset to Zero at step 518, and BOOST 
_LIMIT is set to HIGH_LIMIT at step 520. If the desired 
light level is greater than BOOST_LIMIT at step 512, then 
the boost converter is turned on at step 522, the timer is reset 
to Zero at step 524, and BOOST_LIMIT is set to LOW 
_LIMIT at step 526. 

[0047] Although the present invention has been described 
in relation to particular embodiments thereof, many other 
variations and modi?cations and other uses Will become 
apparent to those skilled in the art. Therefore, the present 
invention should be limited not by the speci?c disclosure 
herein, but only by the appended claims. 

What is claimed is: 
1. An electronic ballast for driving a gas discharge lamp, 

comprising: 

a recti?er stage for receiving an alternating current (AC) 
input voltage from an AC supply to produce a recti?ed 
voltage having a peak voltage amplitude; 

a boost converter stage for receiving the recti?ed voltage 
and for providing a direct current (DC) bus voltage 
having a DC magnitude; the boost converter stage 
having an on state, in Which the DC magnitude of the 
DC bus voltage is greater than the peak voltage ampli 
tude of the recti?ed voltage, and an off state, in Which 
the DC magnitude of the DC bus voltage is substan 
tially equal to the peak voltage amplitude of the recti 
?ed voltage; 

an inverter output stage for converting the DC bus voltage 
to a high-frequency AC output voltage to drive the 
lamp; 

further comprising: 

a control stage for receiving a desired light level signal 
representative of a desired light level of the lamp and 
for providing an output control signal to said boost 
converter stage; 

Wherein the boost converter stage changes betWeen the on 
state and the off state dependent on the desired light 
level signal. 

2. The ballast of claim 1, Wherein the boost converter 
stage changes to the off state responsive to the desired light 
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level signal When the desired light level signal is represen 
tative of a light level beloW a ?rst predetermined light level 
threshold. 

3. The ballast of claim 2, Wherein the boost converter 
stage changes to the on state responsive to the desired light 
level signal When the desired light level signal is represen 
tative of a light level above the ?rst predetermined light level 
threshold. 

4. The ballast of claim 2, Wherein the boost converter 
stage changes to the on state responsive to the desired light 
level signal When the desired light level signal is represen 
tative of a light level above a second predetermined light 
level threshold greater than the ?rst predetermined light 
level threshold. 

5. The ballast of claim 1, Wherein the inverter output stage 
has a ?rst time constant and the control stage comprises a 
circuit responsive to the desired light level for causing the 
boost converter stage to transition betWeen the on state and 
the off state at a rate determined by a second time constant; 

Wherein the second time constant is larger than the ?rst 
time constant. 

6. The ballast of claim 5, Wherein the second time 
constant is at least one order of magnitude greater than the 
?rst time constant. 

7. The ballast of claim 5, Wherein the second time 
constant is determined by an R-C time constant. 

8. The ballast of claim 7, Wherein the R-C time constant 
is about 60 times larger than the ?rst time constant. 

9. The ballast of claim 1, Wherein the control stage 
comprises a current source. 

10. The ballast of claim 9, Wherein the boost converter 
stage comprises a voltage divider having an input for 
receiving the DC bus voltage and an output for providing a 
feedback voltage proportional to the DC bus voltage; 

Wherein the boost converter determines the DC magnitude 
of the DC bus voltage dependent on the feedback 
voltage of the voltage divider; and 

Wherein an output of the current source is provided to the 
output of the voltage divider. 

11. The ballast of claim 10, Wherein, When the current 
source is delivering current to the voltage divider output, the 
feedback voltage is driven to a voltage level causing the 
control circuit to change the boost converter to the off state. 

12. The ballast of claim 10, Wherein the control stage 
comprises a microprocessor having an input for receipt of 
the desired light level signal and an output coupled to the 
current source for controlling the delivery of current to the 
voltage divider output responsive to the desired light level 
signal. 

13. Aballast for driving a gas discharge lamp, comprising: 

an input stage operable to receive an alternating current 
(AC) input voltage having a peak voltage level and to 
provide a direct current (DC) bus voltage having a 
boosted voltage level that is greater than the peak 
voltage level of the AC input voltage; 

an output stage for converting the DC bus voltage into a 
high-frequency AC output voltage for driving the lamp; 

further Wherein the input stage has a control input; further 
comprising: 

a control stage responsive to a desired light level signal 
and having an output coupled to the control input of the 
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input stage for sending an input stage control signal 
representative of a desired input stage mode of opera 
tion; 

Wherein the input stage changes the DC bus voltage 
betWeen the boosted voltage level and a reduced volt 
age level based on the input stage control signal. 

14. The ballast of claim 13, Wherein the input stage 
reduces the DC bus voltage from the boosted voltage level 
to the reduced voltage level responsive to the desired light 
level signal representing a light level beloW a ?rst prede 
termined light level. 

15. The ballast of claim 14, Wherein the input stage 
increases DC bus voltage from the reduced voltage level to 
the boosted voltage level responsive to the desired light level 
signal representing a light level above a second predeterm 
ied light level. 

16. The ballast of claim 15, Wherein the ?rst and second 
predetermined light levels are the same. 

17. The ballast of claim 15, Wherein the second predeter 
mined light level is greater than the ?rst predetermined light 
level. 

18. The ballast of claim 13; Wherein: 

the input stage comprises a recti?er stage for receiving the 
AC input voltage and for providing a recti?ed voltage; 
and 

a boost converter stage for receiving the recti?ed voltage 
and operable to provide the boosted voltage level on a 
DC bus; and further Wherein the output stage com 
prises: 

an inverter stage for converting the DC bus voltage to the 
high-frequency AC output voltage to drive the lamp; 

further Wherein the inverter stage determines the light 
level of the lighting load dependent on the desired light 
level signal. 

19. The ballast of claim 18, Wherein the output stage has 
a a ?rst time constant and the control stage comprises a 
circuit responsive to the desired light level signal for causing 
the boost converter stage to transition the DC bus voltage 
betWeen the boosted voltage level and the reduced voltage 
level at a rate determined by a second time constant that is 
larger than the ?rst time constant. 

20. The ballast of claim 19, Wherein the second time 
constant is at least one order of magnitude greater than the 
?rst time constant. 

21. The ballast of claim 19, Wherein the second time 
constant is determined by an R-C time constant. 

22. The ballast of claim 21, Wherein the R-C time constant 
is about 60 times larger than the ?rst time constant. 

23. The ballast of claim 18,. Wherein the control stage 
comprises a current source that is turned on and olT by a 
current source control signal. 

24. The ballast of claim 23, Wherein the boost converter 
stage comprises a voltage divider providing an output pro 
portional to the DC bus voltage, a control circuit responsive 
to the output of the voltage divider, and a boost converter 
sWitch responsive to the control circuit for determining the 
DC bus voltage, and Wherein an output of the current source 
is provided to the output of the voltage divider. 

25. The ballast of claim 24, Wherein, When the current 
source is turned on, the output of the voltage divider is 
driven to a voltage level causing the control circuit to turn 
the boost converter sWitch olT. 
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26. The ballast of claim 25, Wherein, When the boost 
converter sWitch is olT, the DC bus voltage drops to the 
reduced voltage level substantially corresponding to the 
peak voltage level of said alternating current input. 

27. The ballast of claim 24, Wherein the control stage 
comprises a microprocessor having an input coupled to 
receive the desired light level signal. 

28. A method for reducing the poWer consumption of a 
ballast for driving a gas discharge lamp comprising the steps 
of: 

receiving an alternating current input voltage having a 
peak voltage level and providing a direct current output 
voltage having a boosted voltage level that is greater 
than the peak voltage level; 

converting the direct current output voltage into a high 
frequency alternating current voltage in an output stage 
for driving the lamp; 

receiving a desired light level signal corresponding to a 
desired light level of the lamp and controlling the light 
level of the lamp based on the desired light level; and 

reducing the direct current output voltage from the 
boosted voltage level to a reduced voltage level When 
the desired light level signal is beloW a ?rst predeter 
mined desired light level. 

29. The method of claim 28, further comprising increas 
ing the direct current output voltage from the reduced 
voltage level to the boosted voltage level When the desired 
light level signal is above a second predetermined desired 
light level. 

30. The method of claim 29, Wherein the ?rst and second 
predetermined desired light levels are the same. 

31. The method of claim 29, Wherein the ?rst and second 
predetermined desired light levels are dilTerent. 

32. The method of claim 31, Wherein the second prede 
termined desired light level is greater than the ?rst prede 
termined desired light level. 

33. The method of claim 28, further comprising: 

receiving the alternating current input voltage and pro 
viding a recti?ed output voltage; and 

receiving the recti?ed output voltage as an input and 
providing the direct current output voltage having the 
boosted voltage level across a DC bus With a boost 
converter stage. 

34. The method of claim 33, Wherein the output stage has 
an output stage time constant and further comprising turning 
the boost converter stage on and olT at a rate determined by 
a boost on/olT time constant that is larger than the output 
stage time constant. 

35. The method of claim 34, Wherein the boost on/olT time 
constant is at least one order of magnitude greater than the 
output stage time constant. 

36. The method of claim 34, Wherein the boost on/olT time 
constant is determined by an R-C time constant. 

37. The method of claim 36, Wherein the R-C time 
constant is about 60 times larger than the output stage time 
constant. 

38. The method of claim 33, further comprising sWitching 
a sWitchable current source in response to a boost on/olT 
control signal to turn the boost converter stage on and olT. 

39. The method of claim 38, further comprising providing 
a voltage divider providing an output proportional to the 
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direct current output voltage, and further comprising receiv 
ing the output of the voltage divider for controlling the 
operation of a boost converter sWitch, and further compris 
ing providing an output of the switchable current source to 
the output of the voltage divider. 

40. The method of claim 39, further Wherein, When the 
sWitchable current source is turned on, the output of the 
voltage divider is driven to a voltage level causing the 
control circuit to turn the boost converter sWitch o?“. 

41. The method of claim 40, further Wherein, When the 
boost converter sWitch is o?“, the direct current output 
voltage drops to the reduced voltage level substantially 
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corresponding to the peak voltage of said alternating current 
input voltage. 

42. The method of claim 39, further comprising using a 
microprocessor having an input coupled to receive the 
desired light level signal to control the operation of the boost 
converter stage. 

43. The method of claim 39, further comprising providing 
the desired light level signal to an inverter of the output stage 
to control the light level of the lamp. 


